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(54) NON-HEAT-TREATED HOLLOW ROLLED BAR STEEL HAVING HIGH STRENGTH 
AND HIGH TOUGHNESS AND ITS PRODUCTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To produce a long-size 
hollow bar steel increased in the ratio between wall 
thickness and outside diameter by respectively 
specifying, at a cross helical rolling mill, the temp, 
before rolling, rolling temp., and outside diameter 
reduction rate of a steel having a specific composition 
where Cr, V, N, etc., are added and further specifying 
the structure and crystalline grain size of the steel, 
respectively. 

SOLUTION: A round billet A1, having a composition 
consisting of, by weight, 0.20-0.60% C, 0.05-1.50% Si, 
0.30-2.00% Mn, 0.02-1.00% Cr, 0.01-0.30% V, 0.005- 
0.020% N, <0.20% Cu, >1.0% Ni, <0.20% Mo, <0.40% Nb, 
<0.05% Al, <0.35% Pb, <0.20% Bi, <0.10% S, <0.20% Te, 
<0.01% Ca, and the balance Fe, is heated to 950- 
1250° C in a heating furnace 11 and pierced into a 
hollow stock satisfying (wall thickness)/(outside 
diameter) >0.1. A mandrel 13 is inserted into the 
hollow stock, and then, diameter reduction working 

and wall thickness working, satisfying <0.2 outside diameter reduction rate and (wall 
thickness draft)/(outside diameter reduction rate) <0.55, are applied at 700-950° C by 
means of a cross helical rolling mill. By the above procedure, the ratio of wall thickness to 
outside diameter is regulated to 0.25-0.40 and a structure composed of ferrite and pearlite is 
formed, and further, the crystalline grain size of ferrite is regulated to JIS grain size number 
6-12. 
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( U /do ) tb 
<^4EE^©Stt4uro*^«o t, /do Ita*o. l 

io m-r&BfM rwowu a^t «$4JE 

&BU©*£5ft**©t 0 /d» tt©TER*0. 1 CcRffi-T 

0. 1 2«±£T£©?W£tA> 0 
[0 0 7 0] t£*>V. ±ISto /d 0 tb^#l^«<2f 

^ypy FfiE**!2*W{clBI<3fcot:L*9. ffiot, c 
©W^CCtt. ±Et, /d g Jt«0. 3«Tit6Ci 

20 [0 07 1] (C-6> «»EKK:J:S*f8ll8* (R 
d) 

«84ffiaitcJ:*Rd*iO. 2*86©*^ M4HETfi/P 
£o 

[0 07 2 ] Rd£iftAiC^&£rtBtttt©^b££-r 
*©t\ i:ieRd©±PS£0. 6tg{^^Ci^ff 

[0073] (c-7) mAwmz.&z> rrtAPKT*/ 

30 ASUS* j ( R t /R d ) £b 

<W4H®CCJ:-5R t/RdJt*PB5e-T*c4«, v> F 

u ;u > fcitt^tr* WfiEEffi^^-r 5 «> {cist * 

£<, ««ET*R t £A£ < 4^4. »»©ttfMH^© 

ETfR t £*fSBBS*Rd©lt (R t/Rdifc) C-tft 
#U Rt/Rdtb^0. 5 5 «±K ft 5 

t, HuSaR t/Rdtb£0. 5 5 5fe8SC-c«W-rS. 
L^R t/RdltttO. 5 0«Tt$>5 o 
40 [0074] iC5t, SuiBR t/Rdtb^/hS-TSfS 

w*. Mts-rtiUEfiaccWiLrRtQft^ftficfto 
R t /R dib^©©fflr«e©«*«B^A#c»»^K:tt. 

(t, /d, ) tk3W»%nft<ft*. C©fc«K>, Rt/ 
RdJt©TK*-l. 0ittiTSCt*J»*H,». 
[0 07 5 ] ftfc, TyHzil/5JU«:«»S*i*v>FU 

^«ffli»s«HEB(cHrstt«©mtra. *a»© 

50 o"Cl*«. ffio-C S£*©-7> FUJl/5Jl/*ffll»/c««4 



13 

r«Jl/*HlJ (t, /d, )J±#0. 2 5-0. 4 

rti. ^> F UiKDS^jifiWcc/hs < ft & 0 Sot. 
BaI2 0 /c^®?««IB<0Sig{c c >T . S£3fe <!: ia«cc R 
t/Rdtb**l. 0£agx£EE$££tf 0<L, 7>FU^ 

&R t/RdibttO. 5 5*iiTM^W, 
[0 0 7 6 ] ±ISOR t/Rdi:k^0. 5 5*iSCC*Jl©] 

SICDSKD6 1 ^7Xt^ffl^^Ci^t? 
[0 0 77 ] fr*s, *mntcm^2>EMU-)\,<Djtm& 

ffic te*£P^£3nr s tab -e A 5 . 

[0 0 7 8 ] ( C - 8 ) «»E5if£<D*£«»© rfi/f 
/WSj (t, /d, ) Jt 

««E8ao*a««IO 1 1 / d , Jt# 0.25 *T0 
So i€*c, ^««i®^p a pCDW^14 (ftcf^fita) 4>5t 

, yd, Jt£0. 2 5-0. 40iESOfc. 
[0 0 7 9] 

»fi^*iitt^*fc»oxs*isr«aHr*4. 
[0080] 5tr, ftawt a i ftamwp 1 1 r^gg 

ccfflS&U c*i£i*JS (^) ic^Tct^ic, fr^-cA 

SDtA 2r^LLT4 3 £a?tttA2 
3Cl»T % 15)13 (-) tC^-T<fc^iC. 

[0 08 1 1 H2B, m$KM®Z&W'?*>tc&<D® 

v. mm <-» «*^a«A2©Afflw^a/ciEffiia 
t\ ^«A2^Ei*otts^i, rata (p) « 

0B (-O ©A-A«K:J:*»rffiBI. (QB (/>) »@lt9 
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(a) OB-Bg*^lfcM@-C*5o 

[008 2]7>FU;H3(J. HUilfiKi«aO^^^ 

[0 08 3 ] ffi««FCctt4>ffitt©W«i»SCc»ur. m 

m<Dttm<Dm&w> kujh 3£mjii£-t>£<, 

[008 4] P-;H 4 ^S^r^CD^RflSISCCri-^gU 
1 6£fii;i. »=f-^«l 6(c»LBEa*filA«Jt*IWa 

x.^ gp^jH 4li^ft^*i^5£(D3&ftT, <S$4#£ 
T k 4 3 ^WA2*5^C>'A3(D^n-^7-Y>X-X151DC-C0S 

[0 08 5] n-;H 4ilt[-t ^-5^2151 6<£>i^M 

**n-eni«Kc w w r mxm® s p 

l^T^ct < . *fc=r-5^» 1 6 CcWLEffifcfiAWtt* 
[008 6] cct, fflffi*0*ffi»<C«»««K:ot» 

T r^Jl/^fSj Jtt/dtt:*#<fcD5*SW&<c<fcoT 

fficcm^tft, ©S!fb»t B /d 0 % RdfcBBtSU t 
o /d 0 , RdO^-tf&Cj^Ttet , «t B J:03feJ> 
30 T&C£#**. U^U-ecD^riit, /d t tit. 
/do cfcDifAOTl^o rtS©«!S*«i«f-rSi. * 

[008 7 ] *»M**J8«cc j:^rM6c*(*w 

[0088] 

T^>S„ ^fc, tb©«e»J I SCDS4 5Cffi^MT?& 

So 

[0 08 9 ] ±iE0>^ 1 6C*j^4SBO^-r«A — ER 
V»la-d*a?itO*»cJ:^r»»0QB, tf^OESO 
• TiSS5 0 mmCDWRKrWtbft:. 

[009 0] CUt^Wc^l 5 00mmS^ 
GCtflWrU «2CC^r^-Cii«ttfi»*yt»*PJP!RlCCj: 
50 1 2 0 O'CCCffllRl/fcfft, fTtt-^ffll^olSO^ 
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&-cmiLX5 OrnmB®. 2 6mmrtgt W/n 
»I±U rtffl«*OXfliU-ca:Sl 3mmOSKD6 1 

0 o vem i «c«Bcwcc^i//c«»Eaaii-c?Fa3 5 m 

fill 3mm<0*ffl*MB{C«»ffiffi*tTofc. CO 
frl£4EB*C7>R d = 0 . 3. Rt/Rd = 0. 2 8t* 

So 

[0091] i tazmcomAicmb, fuidoj: 5 

CCLTf#6n/iiaSI5 OmmOg* 1 0 0 OmmS^ 
fcttKU ««»Dl«c < tSsWLr««^5 Omm-Crtfil 
#2 6 mm ( rftH/JfSj ItttO. 24) <D*£t*<!: 

1 2 o o-cKiniubfca. jate^nmn* u rtraiSHj 

XMibTitg 1 3mm<DSKD6 l|j|(D?> FUJI/ 
*IMB*£l*«c»AU ffi©&S 1 0 0 0 "CTig 1 eg 
a»tC^Lft:«*4ffe«-C^3 5mm. rtSl3mm 
0*ffl»«l«:«»EEfi*!f C©«MGE5I©R d = 
0. 3, R t/Rd = 0. 2 8-C*^ e 
[0 0 9 2 ] ftfc, ffiTIBO«*4ES«l»-rti*>a-;l/=i' 

: 18 0mm. P-il^BRft : 1 5 0 r p 
m, a-Jl/«»fte : 12K. n-Jl/KXftr : 3S. 

[0 0 9 3 ] C 5 Ur»jSUfc«t>S«SB©^-ffiffiffO» 
lilt, MMffiStt04iS«M«rA$^ec2«j» 

[0 0 94] */c, »6tlfe*IS»iI©rt»**»^6 
niMISKWt. J I S4^-7lMX©3liBKlfc 
K\ J ] S 3^^-7^^XO^^;Ub-«*K»UtSr 

[0 09 5] -35r, «»EBBTllll/fc»S3 5 m 
m, rtSl 3mm(D^I^^ifC, *&IW"C©SI 

»BC3l*tfi*Jnixi/fc. 9l»«*«fl)+ffi«*K:oc»r 

(Hv) i*®Ut. JIS4f^- 
71^X03 IBK§Mi\ J IS3^>-7t-fX©->t 

[0096] (9(»BE3SS2k04>SWflOfta«Ft£&3ld 
Jfi#ttL»04>ffi*8i©ft«*ft08B3B»*«:&^*2 
<tft3CC^-fo 

[0097] ^cc. aiccfcwsaott^rSHA— E* 
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BBBO-CiBa3 5mm©#SIW«* 

U/c. ®6tifci£S3 5mm©ES**«a*««)^X 

raf?LU-Crtai 3mm<D4iffi8afiCJniX0fc. c^u 

WfcJt. J I S4#^-7*-fX©5l»StiUt, J I S 

fitWWcfltUfc. WttNBINIfcti- 
(Hv) *«3£Lfc. 

10 4rS4CC7R-j". 

[009 8 1 Sfc, ±taC0WI3 5mm, rtil 3mm 

^fS32mm. rtS 1 2 mmO*^«««c?|#!fi#ftnX 

lS(Hv)M^ J I S4#/v-:71MX©3l5RK 
•Ut. J I S3^-^*^XO^*iU^-JWKIBUt 

[009 9 ] JECC, ^ 1 tcMtSMe SrSI^O^ScK: 
20 ^t^Mg, *li0JER*LTitttI3 5mmOW3 (*H 
*«JtL/fc. »6n/tiea3 5mm©BBi**«l 
»«:«MS»DXr*?Lbrrtai 3mmO^WI 

^^iHIKHmtWt. J I S4-9^-7*-fX05IBK 
J I S3^-7*^X©5/^Jl/t-«IKiWt 

WB8KaK-*ffl^r«tt (Hv) tanjeofc. safe 
ttfl>«Btt**«4K:S«". 

[0100] Etc. ±i2£>ftg3 5mm, rtll 3mm 
30 8 6 O'CjfrfcifcJKAfiU *l»T4 0 0 °C 

32mm, rtS 1 2 mm©4iffl«B6c5l#tt*ftIXL 

K (Hv) J I S4#^-71fYX05ISBH« 

K\ J I SS^-^-^-YXO^ + iVtf-WSKBtfi-* 

5 CCS^T. 

[0101] g2^5a>6IB€>a»ft«fc5CC % *&9J04> 

So *«wcD*^«awEg**"C*3Sr*Sfc 

xamoauiraa&rctiri^. mmmvm. 

liMMrhllMlttWft< . ? x ^ ^ h list 
[0102] 
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17 IS 

m i 





E 




it 






M 


1 « G 


m%) 


m 






1 


i C 


Si 


Mn 


Cr 


V 


N 


Cu 




Mo 


Nb 


Al 


Pb 


Bi 


s 


Te 


Ca 




A 


a 39 


0.30 


1.57 


0. 06 


0.14 


0.013 


- 


- 


0. 10 


0. 026 


0. 012 


- 


0. 01 


- 


- 


- 


SB 


B 


a 48 


0.75 


0. 70 


0. 02 


0.16 


0.018 


0. 14 


0. 07 


- 


0. 020 


- 


- 


- 


- 


0. 10 


- 


W 


C 


a 34 


0.20 


1.40 


0.43 


0.13 


0.017 


0. 06 




0. 03 


0. 025 


0. 008 






0.007 






m 


D 


a 36 


0.82 


1.20 


0. 83 


0.12 


0.014 


0.05 


0. 11 




0.018 


0. 009 


0.30 












E 


0.37 


0.88 


1.23 


0. 92 


0.05 


0.012 


0.23 


0. 40 


0.15 




0.022 










0. 005 




a 


*0.74 


0. 89 


1.57 


0. 07 


0.15 


0.012 


0.02 






0. 020 


0.042 












it 


b 


0.40 


0. 45 


*2. 20 


0. 10 


*0.60 


0. 006 




0. 45 


0. 06 


0.012 


0.030 












« 


c 


*0. 14 


♦2.O0 


0. 70 


0.20 


0.20 


0.007 


0.05 


0.60 


0.43 


0.022 


0.025 












m 


d 


0.35 


0. 85 


0. 78 


*2.20 


0.10 


*0. 002 


0.22 


0. 12 


0. 60 


0.160 


0.020 














e 


0. 45 


0. 17 


0.86 


0. 03 


* - 


0. 009 


0.07 


0.02 


0.03 




0.033 













[0103] * * CSI2 ] 

m 2 





K 


m 


1 BE 




£ ft 




BE 




ft 


3 














ft 




*d aft 


ad as 










&*) 


«IS 




mm 


mm 










# 


m 






S 












m m m 


mm 
















CC) 


(&) 


OC> 


(HPa) 


(HPa) 


00 


(%) 


(Hv) 


(J/cra 2 ) 


(ran) 






(mm) 




ft 
W 


l-l 


A 


1200 


2 


850/900 


550 


750 


23 


48 


220 


135 


0.03 


F+P 


9.7 


0. 3 


& 


2-1 


B 


1200 


2 


850/900 


530 


730 


25 


47 


200 


133 


0.04 


F+P 


11.2 


0. 3 


m 


3-1 


C 


1200 


2 


850/900 


540 


740 


24 


48 


210 


1 45 


a 03 


F+P 


10.3 


0. 3 


m 


4-1 


D 


1200 


4 


850/900 


580 


780 


23 


45 


240 


142 


0.05 


F+P 


9.2 


0. 2 


m 


5-1 


E 


1200 


30 


850/900 


480 


798 


25 


53 


180 


1 39 


a 20 


F+P 


8.7 


0. 2 




6-1 


A 


1200 


2 


850/900 


530 


720 


26 


53 


200 


1 4 5 


0. 10 


F+P 


8.5 


0. 2 




it 


7-1 


*a 


1200 


2 


850/900 


690 


880 


13 


38 


270 


70 


0.04 


P 




0. 3 


m 


8-1 


*b 


1200 


2 


850/900 


720 


930 


13 


34 


290 


60 


0.04 


B 




0. 3 


m 


9-1 


*c 


1200 


2 


850/900 


430 


600 


28 


48 


180 


145 


0. 04 


F+P 


7.2 


0. 3 




10-1 


♦ d 


1200 


30 


850/900 


670 


860 


16 


38 


270 


80 


0. 22 


B 




0. 3 
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CU) 

m 3 
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20 



E 


K 


m 


51 


# # ft 


CO 


ft tt 




# 




(MPa) 


®g 
(MPa) 


iw 

(%) 


«) 


(Hv) 


i $ i 

(J/cm 2 ) 




1-2 


A 


705 


900 


18 


47 


258 


95 




2-2 


B 


695 


910 


16 


48 


235 


89 


fg 


3-2 


C 


705 


820 


17 


49 


227 


1 04 




4-2 


D 


735 


880 


17 


47 


278 


98 


0U 


5-2 


E 


768 


800 


18 


45 


218 


89 




6-2 


A 


693 


890 


18 


50 


260 


89 


it 


7-2 


*a 


855 


1030 


9 


38 


338 


4 0 




8-2 


*b 


825 


1000 


7 


31 


328 


30 




9-2 


*c 


588 


780 


19 


46 


258 


1 1 2 




10-2 


*d 


815 


990 


9 


29 


328 


50 



^ 4 



E 


K 


m 


EE 3£ 


* 


3 


CO 




14 




& 








mf 


m 


@g 




mm 


mm 


7x7 










&g 








ffi m m 


mm 












(MPa) 


(MPa) 


(%) 


(%) 


(Hv) 


(J/CID 2 ) 


(aim) 






it 
« 
08 


11-1 


A 


520 


720 


25 


55 


220 


1 4 3 


0. 18 


p+p 


7.2 


12-1 


B 


500 


700 


27 


57 


200 


1 1 8 


0.17 


F+P 


7.8 


13-1 


C 


510 


710 


26 


56 


210 


130 


0.20 


F+P 


7.3 


14-1 


D 


550 


750 


27 


53 


240 


135 


0.20 


F+P 


7.2 


15-1 


E 


550 


768 


27 


58 


180 


132 


0.19 


F+P 


6.2 


16-1 


*e 


380 


570 


28 


38 


140 


108 


0.20 


F+P 


5.5 



• i i-i~i5-i \*mmmzwmxmiLx*&tt&mc ( 
i6-i axfts& Ltzwrnztymx-mL Lx^mntz „ 
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[^5] 



(12) 



9 -2 5 54 1 



21 



22 



m 5 





m 


m 


SI 


* a * & 


<D 


4* ft 




s* 




mt> 




iW 


m 


@S 








&. 




&g 








m ® m 








(HPa) 


(HPa) 


(%) 


(%) 


(Hv) 


(J/CD 2 ) 


it 

®* 
m 


11-2 


A 


675 


870 


18 


47 


278 


4 5 


12-2 


B 


665 


880 


16 


46 


285 


59 


13-2 


C 


675 


800 


17 


47 


257 


54 


14-2 


D 


705 


850 


17 


49 


268 


48 


15-2 


E 


738 


770 


18 


45 


241 


59 


16-2 


*e 


693 


790 


19 


58 


240 


86 



[0107] * 

t-rx^ts <|i**M«ciw9j-csqFunx*m » . -x t > 

*- ju* j>a ^©XffftWfflBBfaK t»4jift*Jffl-J- set 



[0 2] «W4ffi®fl|-C©BEiBtt»**r«SCH-C*S. 
[0 3] S63fe©?LS!n-jU5iJ«:j:»)tti^«i(941Sjt-rS 

[04] ae*©r»-b^5*E«tcJ:5«BjWII»DH 

[13 8] Sttmo-f h^TElC**. 

1 1 : JjU&Mp 
1 3 : KUA 
1 4 : tg&JSSEP-.rt' 



Aflltt 




[05] 




(13) 



-2 5 5 4 1 



[B21 [S3] 





7P> h 



(5i)mt.ci. 6 &mts& frft&mm^ fi 

C 2 2 C 38/58 C 2 2 C 38/58 



